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refrigerant that is used in the main heat 
exchanger (10), wherein the refrigerant 
circuit (20) includes a compressor train 
(23a, 23b) consisting of at least one 
compressor (65a-67b) driven by an electric 
motor (83a, 83b). 
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OFF-SHORE PLANT FOR LIQUEFYING NATURAL GAS 

The present invention relates to a plant for 
liquefying natural gas. 

A plant for liquefying natural gas comprises a main 
heat exchanger in which the natural gas is liquefied by 
means of indirect heat exchange with evaporating 
refrigerant, and a refrigerant circuit in which 
evaporated refrigerant is compressed and liquefied to 
produce liquid refrigerant that is used in the main 
heat exchanger. The refrigerant circuit includes a 
compressor train consisting of at least one compressor. 
The at least one compressor is driven by means of a gas 
turbine that is directly connected to the shaft of the 
compressor. Because a gas turbine has only a limited 
operating window, the gas turbine is first selected and 
the liquefaction plant is so designed that the gas 
turbine operates in its limited operating window, in 
addition the gas turbine and the compressor are directly 
connected to each other, so that they form a single unit. 
The single unit occupies a considerable surface area. 

There is a tendency to look for ways of reducing the 
surface area of such a liquefaction plant. This does not 
only apply to on-shore plants, but also to floating 
liquefaction plants. 

Such floating liquefaction plants are used in the 
development of off-shore gas fields, where the gas is 
liquefied near the production location. Thereto the 
liquefaction plant is installed on a barge that serves as 
a floating storage of liquefied natural gas. The barge is 
furthermore provided with an off-loading system to 
transfer the liquefied natural gas into a tanker, and 
with a gas loading system that is connected by means of a 
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swivel to the upper end of a riser pipe, wherein the 
lower end of the riser pipe is oonnected to a well 
producing natural gas. 

It is an object of the present invention to provide 
Plant for liquefying natural gas that is flexible and 
that occupies a small sur f ace area , so thafc , fog & 
a barge can accommodate the liquefaction plant 

To this end, the plant for liquefying natural gas 
according to the present invention comprises a main heat 
exchanger in which natural gas is liquefied by m eans of 
indirect heat exchange with evaporating refrigerant, and 
a refrigerant circuit in which evaporated refrigerant is 
accessed and liquefied to produce l iquid refrigerant 
that xs used in the main heat exchanger, wherein the 
refrigerant circuit includes a compressor train 

consistinq of at lpacf 

y ox at least one compressor driven by an 

electric motor. 

It will be understood that there should be provided 
an electric power plant to provide electric energy to 
drive the electric motors. The electric power plant will 
tnclude one or more g as or steam turbines each driving an 

; - — ction plant accord! 

to the present invention, the gas or steam turbine, s, can 
b put everywhere where for reasons of lay-out planning 
or for reasons of safety they are best located. 

with™!/"™" 0 " "° W b6 d " Cribed by ° £ 

wrth reference to the accompanying drawings, wherein 

Figure 1 shows schematically a first embodiment of 
the invention; and 

Figure 2 shows schematicaliy a second embodiment of 
the invention. 

Reference i s now made to Figure ± ^ ^ 
liquefying natural gas supplied through conduit 5 
comprises a main heat exchanger 10, having a shell 11 
enclosing a shell side 12 in which three heat exchanger 
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tubes 13, 14 and 15 are arranged. In the main heat 
exchanger 10 the natural gas is liquefied by means of 
indirect heat exchange with refrigerant evaporating in 
the shell side 12. 

The plant 1 also comprises a refrigerant circuit 20. 
The refrigerant circuit 20 comprises the shell side 12 of 
the main heat exchanger 10, conduit 22, a first and a 
second compressor train 23a and 23b arranged in parallel, 
a gas-liquid separator 25, a pre-cooler heat 
exchanger 27, a main gas-liquid separator 28 and the 
second and the third heat exchanger tubes 14 and 15 in 
the main heat exchanger 10. 

Before discussing the compressor trains 23a and 23b 
Q in more detail, the remainder of the refrigerant 

15 circuit 20 is discussed. The pre-cooler heat exchanger 27 

has a shell 35 enclosing a shell side 36 in which two 
heat exchanger tubes 37 and 38 are arranged, which 
pertain to the refrigerant circuit 20. The inlet end of 
heat exchanger tube 37 is connected by means of 
conduit 39 to the outlet for gas of the gas-liquid 
separator 25, and the inlet end of heat exchanger tube 38 
is connected by means of conduit 40 to the outlet for 
liquid of the gas-liquid separator 25. The discharge end 
of the heat exchanger tube 38 is connected to a nozzle 4 2 
( ) 25 arranged in the shell side 36 by means of a conduit 43 

provided with an expansion device 44. The discharge end 
of the heat exchanger tube 37 is connected by means of 
conduit 4 6 to the inlet of the main gas-liquid 
separator 28. The outlet for gas of the main gas-liquid 
separator 28 is connected by means of conduit 48 to the 
inlet of the heat exchanger tube 14, and the outlet for 
liquid is connected by means of conduit 50 to the 
heat exchanger tube 15 in the main heat exchanger 10. The 
discharge end of the heat exchanger tube 14 is connected 
to a nozzle 52 arranged in the shell side 12 by means of 
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.conduit 53 provided with an expansi 

the discharge end of the heat -e 5 . and 

connected to a nozzlP 1S 

-ans of a conduit 5 """^ ^ ^ She11 » by 

device 60 '^^^ Wlth an -P-3ion 



Now the parallel compressor trains win h(3 „. 
in more detail. Each of th* discussed 

n of the compressor trains ?^ ^ . 
consists of three in^r, lns 23a an d 23b 

66 lnte rconnected compressors i 
pressure compressor 65a 65h • ° W 

compressor 66a 66b h lntermedia te pressure 

67b. conduit ^ i s co 9 ^ 67a, 
assure 00^3 0^^ LVb^ ^ " °" *~ 
and .b. The outlets ^^.3 ^ 

- - —s 7::::::z:zz 5 65a - 

pressure compressors 66a ssk u e 
— 70b, provided „ ith 66 a 3 ; " b by <* -nd„ its ,0a 

the intermediate presle ^ 71 " The »f 

pressure compressors 66a fi^v. 
connected to the i„ Ut5 o£ th<j 66a ' 66b «° 

compressors 67a 67h h Pressure 
is oia, 67b by means of conduits 7?„ 
provided with an air cooler 73 Th. 2 "' 
Pressure compressors 67a 67b °* ^ hl ' h 

or the gas-li qu i d sepa ^ 25 1 " °" lnlSt 

7<a and 7<b, provided „ lth an " eanS ^ """"^ ^ 

' The shell side 36 of th " ?5 ' 

* connected to the L^T"" 1 " ^ eXC " an9er " 

compressors 66a, 66b bv means of " t "-""« 

y means of conduit 80. 
The compressors of each compressor train 23a or 23H 
are arranged on the same shaft 82a or 82b 
*n electric motor 83a or 83b The 7 ^ ^ 

"b are connected to an el c^rL V M " 
— of electric conduits 2 ^ J™' "** ^ » 

condu D it r 7ir;::L op ;r tio h " naturai gas 

a ™ m t::~ri r: r an9er tube 13 

exchanger 10 and 1 • « '° a111 heat 

' UqUefied •« i. removed from 
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the discharge end of the heat exchanger tube 13. 
Evaporated refrigerant is removed from the shell side 12, 
and it is passed through conduits 22, 22a, 22b to the 
inlets of the low pressure compressors 65a, 65b of the 
parallel compressor trains 23a and 23b, in such a way 
that substantially equal amounts of refrigerant are 
supplied to the compressor trains 23a and 23b. In the 
compressors 65a, 65b, 66a, 66b, 67a, 67b the refrigerant 
is compressed from a low pressure in stages to a high 
pressure, and in between the heat of compression is 
removed in the air coolers 71 and 73. 

At the high pressure the refrigerant is~supplied to 
the air cooler 75 in which it is partly liquefied. The 
q partly liquefied stream of refrigerant is separated into 

15 a gaseous stream and a liquid stream in the gas-liquid 

separator 25. 

The liquid stream is used for autoref rigeration and 
for partly liquefying the gaseous refrigerant stream. To 
this end the liquid stream is passed at high pressure 
through heat exchanger tube 38 and expanded in expansion 
device 44. in expanded form the liquid stream is 
introduced in the shell side 36 through nozzle 42. The 
gaseous stream is partly liquefied in the heat exchanger 
0 tUbe 31 ' and P assed to tl ^e main gas-liquid separator 28. 

25 In the main gas-liquid separator 28, this stream is 

separated into a gaseous stream and a liquid stream, 
which are both used for autoref rigeration and for 
liquefying the natural gas stream in the main heat 
exchanger 10. 

To this end the liquid stream is passed at high 
pressure through heat exchanger tube 15 and expanded in 
expansion device 60. In expanded form the liquid stream 
is introduced through nozzle 58 in the shell side 12, 
where it is allowed to evaporate at low pressure. The 
gaseous stream is passed at high pressure through heat 
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exchanger tube 14, wherein it is partly liquefied, and 
thxs partly liquefied stream is subsequently expanded in 
expansion device 54 and introduced in the shell side 12 
through nozzle 52, where it is allowed to evaporate at 
low pressure. 

In the main heat exchanger 10, the natural gas 
stream 5 is liquefied and sub-cooled while passing 
through the heat exchanger tube 13 by indirect 
heat exchange with the expanded streams that are 
introduced into the shell side 12 through nozzles 
52 and 58. 

Preferably, natural gas is pre-cooled, "and to this 
end, it is supplied via conduit 85 to the inlet end of a 
heat exchanger tube 86 in the pre-cooler heat 
exchanger 27. The outlet end of the heat exchanger 
tube 86 is connected to conduit 5. 

Reference is now made to Figure 2, showing 
schematically an alternative embodiment of the invention 
Parts that are similar to parts discussed with reference 
to Figure 1 have been referred to with the same reference 
numerals. The plant 2 of Figure 2 differs from the plant 
1 shown in Figure 1 in that the refrigerant circuit 20 
includes auxiliary heat exchangers 90 and 91. In 
auxiliary heat exchangers 90 and 91 the refrigerant is 
partly liquefied by indirect heat exchange with auxiliary 
refrigerant. The auxiliary heat exchangers 90 and 91 also 
form part of the auxiliary refrigerant circuit 100. The 
auxiliary heat exchangers 90 and 91 take the place of the 
axr cooler 75 and the pre-cooler heat exchanger 27 as 
30 shown in Figure 1. In addition each of the first and the 

second compressor trains 23a and 23b consists of a single 
compressor 65a and 65b. 

Now the auxiliary refrigerant circuit 100 of the 
plant 2 will be discussed. The auxiliary refrigerant 
circuit 100 comprises shell side 101 of the auxiliary 
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heat exchanger 91, conduit 102, a first and a second 
auxiliary compressor train 103a and 103b arranged in 
parallel, a heat exchanger tube 104 arranged in the 
auxiliary heat exchanger 90, and a heat exchanger tube 
5 106 in the auxiliary heat exchanger 91. 

The auxiliary compressor trains 103a and 103b consist 
. of two-stage compressors 110a and 110b, which are 

arranged to receive two streams of evaporated auxiliary 
refrigerant from the shell side 101 of the auxiliary heat 
10 exchanger 91 through conduits 102, 102a, 102b, and from 

shell side 112 of the auxiliary heat exchanger 90 through 
conduits 105, 105a and 105b. The compressors" 110a and 
110b are driven only by an auxiliary electric motor 113a 
or 113b. The auxiliary electric motors 113a and 113b are 
15 connected to an electric generator (not shown) by means 

of electric conduits 114a, 114b. 

The outlets of the two-stage compressors 110a and 
110b are connected to the inlet of the heat exchanger 
tube 104 of the auxiliary heat exchanger 90 by means of 
20 conduits 116a, 116b, 116, provided with air cooler 117. 

The discharge end of the heat exchanger tube 104 is 
connected to a nozzle 120 arranged in the shell side 112 
by means of a conduit 125 provided with an expansion 
device 126 to supply during normal operation part of the 
25 auxiliary refrigerant to the shell side 112. The 

remainder is passed through conduit 130, which is 
connected to the inlet end of the heat exchanger tube 106 
in the auxiliary heat exchanger 91. The discharge end of 
the heat exchanger tube 106 is connected to a nozzle 135 
arranged in the shell side 101 by means of a conduit 140 
provided with an expansion device 144. 

During normal operation natural gas supplied through 
conduit 5 is passed through heat exchanger tube 13 
arranged in the shell side 12 of the main heat 
exchanger 10, and liquefied natural gas is removed from 
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the discharge end of the heat exchanger tube 13. 

Evaporated refrigerant is removed from the shell 
side 12, and it is passed through conduits 22, 22a, 22b 
to the inlets of the parallel compressor trains 23a and 
23b, in such a way that substantially equal amounts of 
refrigerant are supplied to the compressor trains 23a and 
23b. The heat of compression is removed in the air 
coolers 71a and 71b. The refrigerant is passed on through 
the conduit 74 to heat exchanger tube 150 in the 
auxiliary heat exchanger 90 and subsequently to heat 
exchanger tube 155 in the auxiliary heat exchanger 91, 
and during this passage the refrigerant is~partly 
liquefied by indirect heat exchange with evaporating 
auxiliary refrigerant. 

From the discharge end of the heat exchanger tube 155 
partly liquefied refrigerant is passed through conduit 4 6 
to the main gas-liquid separator 28. In the main gas- 
liquid separator 28, this is separated into a gaseous 
stream and a liquid stream, which are both used for 
autorefrigeration and for liquefying the natural gas 
stream in the main heat exchanger 10. 

To this end the liquid stream is passed at high 
pressure through heat exchanger tube 15 and expanded in 
expansion device 60. In expanded form the liquid stream 
is introduced in the shell side 12 through nozzle 58. The 
gaseous stream is passed at high pressure through 
heat exchanger tube 14, wherein it is partly liquefied, 
and this partly liquefied stream is subsequently expanded 
in expansion device 54 and introduced in the shell 
side 12 through nozzle 52. 

As stated before, in order to partly liquefy the 
refrigerant, auxiliary refrigerant is passed through the 
auxiliary refrigerant circuit 100 in the following way. 

Evaporated auxiliary refrigerant is removed from the 
shell side 101 of the auxiliary heat exchanger 91, and it 
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Passed th r°ugh conduits 102, 102a 102h * 

of the parallel auxilia™ thS ±nlets 

auxiliary compressors 110a and linn • 
such a way that dnrin„ , 0b ' ln 

Y tnat during normal operation substantia, 

equal amounts of auxiliary refrigerant a bStantlaUy 
S ie£ -<-igerant are supdIiph i-^ 

5 the compressors 110a and 110b m th u PP ile d to 

11n n the ^pressors 

110a and 110b the auxiliary refrigerant i. 
high pressure Heal- * rri 9erant " compressed to 

9 pressure. Heat of compression is removed from *k 
compressed auxiliary refrigerant h 
cooler 117. £ rigerant by means of air 

10 th AU r iiary refrige " nt at P-ssure i s passed 

through the heat exchanger tube 104 in the auxLr 
heat exchanger 90 , and part of the coole 7 

refrigerant is passed through expansion device 2 7to th 
shell side ll 2 where it ±- « »« to the 

n e rmediate pressure. Thus cooling the auxil ar 
refr gerant by autoref rigeration and cooling the 
refrrgerant passing through heat exchanger tube 150 Th 

~ 15 « high pressure to the he a 

exchanger tube lOfi *w 

tub. 106 is passed th 7 °" 

passed through expansion devioe 144 to tfc 
shell side 101 of .v. ., " to the 

:::r: 90 .a oondnits io::\ 0 ^v:;;r:: y t r 

t"o-sta 9 e oo^ssors 110a and U 0b "*"" °* ^ 

Preferably, natural gas is rr» 

end, it is suppli ed via I / ' ^ t0 th±S 

^ iiea via conduit irp , 

5 heat exchanger tube 160 in th ^ ° f a 

oe 160 m the auxiliary heat 



WO 01/40725 



10 



PCT/EP00/12027 



10 



15 



20 



25 



30 



exchanger 91. The outlet end of the heat exchanger 
tube 160 is connected to conduit 5. 

The operating conditions of the liquefaction plants 
as described with reference to the Figures and the 
compositions of the refrigerants are well known, and will 
not be discussed here. \ 

An advantage of the plant as discussed with reference 
to Figure 2 is that the power supplied to the electric 
motors 83a and 83b and the electric motors 113a and 113b 
can be selected to match the cooling requirements in the 
refrigeration circuits 20 and 100. 

The parallel arrangement of the compressor trains is 
preferred because in the event of a failure in or 
maintenance of one compressor train the other one can 
continue to operate, so that the plant can continue to 
liquefy natural gas. 

Each of the three separate compressors of the 
compressor trains 23a and 23b can be replaced by a single 
three-stage compressor. 

It will be understood that air coolers can be 
replaced by water coolers. 

The electric generators providing the electric power 
driving the electric motors 83a, 83b, 113a and 113b and 
the required drivers (steam or gas turbines) can be 
arranged at the most suitable location. They not be 
arranged in-line with the compressors, and therefore the 
Present invention provides a plant for liquefying natural 
gas that is flexible and that occupies only a relatively 
small surface area, so that, for example a barge can 
accommodate the liquefaction plant. 
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1. Plant for liquefying natural gas comprising a main 
heat exchanger in which natural gas is liquefied by means 
of indirect heat exchange with evaporating refrigerant, 
and a refrigerant circuit in which evaporated refrigerant 
5 is compressed and liquefied to produce liquid refrigerant 

that is used in the main heat exchanger, wherein the 
refrigerant circuit includes a compressor train 
consisting of at least one compressor driven by an 
electric motor. 

0 2. Plant according to claim 1, wherein the refrigerant 

circuit includes two parallel compressor trains, each 
consisting of at least one compressor driven by an 
electric motor. 

3. Plant according to claim 1 or 2, wherein the 
refrigerant circuit includes means to at least partly 
liquefy the refrigerant by autoref rigeration . 

4. Plant according to claim 1 or 2, wherein the 
refrigerant circuit includes an auxiliary heat exchanger 
to partly liquefy the refrigerant by indirect heat 
exchange with evaporating auxiliary refrigerant, which 
plant further includes an auxiliary refrigerant circuit 
and means to liquefy the auxiliary refrigerant by 
autorefrigeration, in which evaporated auxiliary 
refrigerant is compressed and liquefied to produce liquid 
auxiliary refrigerant that is used in the auxiliary heat 
exchanger, wherein the auxiliary refrigerant circuit 
includes an auxiliary compressor train consisting of at 
least one compressor driven by an electric motor. 

5. Plant according to claim 4, wherein the auxiliary 
refrigerant circuit includes two parallel auxiliary 
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compressor trains, each consisting of at least one 
compressor driven by an electric motor. 
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